Introduction
============

Lung cancer has ranked as the first cause of cancer related death in America and worldwide for several years. There are estimated to be 1.8 million new lung cancer cases every year, accounting for 13% of overall cancer incidence [@B1], [@B2]. Non-small cell lung cancer (NSCLC), including adenocarcinoma, squamous cell carcinoma, bronchoalveolar cell carcinoma, and large-cell carcinoma, accounts for about 85% of lung cancers [@B3]. To date, the overall 5-year survival rate for NSCLC remains 15% because of the lack of an effective clinical method for early diagnosis for patients with NSCLC.

Fatty acid desaturase 1 (FADS1) is a member of the fatty acid desaturase gene family [@B4]. Desaturase enzymes desaturate fatty acids by introducing double bonds between defined carbons of the fatty acyl chain. FADS1 and its homolog FADS2 are located in a gene cluster at 11q12-q13.1, a chromosomal region related to a variety of complex diseases, including asthma [@B5], atopy [@B6], osteoarthritis [@B7], and type 1 diabetes [@B8]. The well-known biological function of FADS1 is to delta-5 desaturate (D5D) linoleic acid or α-linolenic acid, acting as the rate limiting enzyme of long-chain polyunsaturated fatty acids (LC-PUFA) [@B9]. LC-PUFAs are precursors of eicosanoids and other similar mediators and hence are important participant of inflammatory processes [@B10]. However, the relationship of FADSs and cancer has not yet been documented.

The objective of this study was to investigate the expression of FADS1 in NSCLC and further explore its clinical significance. We detected the expression of FADS1 in a total of 216 samples of NSCLC patients by immunohistochemistry (IHC). Correlations of FADS1 expression with NSCLC clinicopathologic features and survival were also assessed.

Materials and Methods
=====================

Clinical Samples
----------------

216 patients were enrolled in the study, who were diagnosed with NSCLC between October 2000 and April 2007 at the Sun Yat-sen University Cancer Center (SYSUCC) and underwent NSCLC excision before radiation or chemotherapy. NSCLC tissues and adjacent nonmalignant tissues were sectioned and subjected to immunohistochemistry (IHC) staining. The histological grade and clinical stage were determined according to the seventh edition of the TNM classification of the International Union Against Cancer (UICC, 2009). The cases that fulfilled the following criteria were selected in this study: (1) newly diagnosed NSCLC without previous treatment; (2) histologically confirmed primary NSCLC; (3) no history of familial malignancy or other synchronous malignancy; (4) underwent a surgical resection including segmentectomy, lobectomy or pneumonectomy; (5) necessary clinical and follow-up data were available; (6) no recurrent NSCLC cancer. Patients were excluded if died from postoperative complications. The clinical data of patients was obtained from SYSUCC hospital records. This study was approved by the independent Institute research ethics committee of SYSUCC.

IHC and evaluation
------------------

IHC staining was used to visualize the expression of FADS1. Specific steps were conducted as previously described [@B11]. The specimens were firstly deparaffinized and rehydrated, followed by washing in PBS. Then the slides were boiled for 15 minutes in citric acid in a microwave oven to retrieve antigen. After slides being treated with 3% hydrogen peroxide buffered in methanol, 1% BSA was used to block non-specific binding. The sections were subsequently incubated with rabbit anti human polyclonal antibody against FADS1 (10627-1-AP, 1:1000 dilution; Proteintech) overnight at 4°C. Negative controls were prepared by skipping the primary antibodies. The sections were incubated with horseradish peroxidase at 37°C for 30 minutes after that, followed by incubated with 3,30-diaminobenzidine solution for visualization.

Two independent pathologists (Bei Gao and Shumei Yan) blinded to the clinicopathological information performed the immunoreactivity score (IRS) of FADS1 expression for 216 NSCLC specimens. The staining results were scored according to two criteria: (a) positive tumor cells percentage in the tumor tissue: 0 (0%), 1 (1% to 10%), 2 (11% to 50%), 3 (51% to 75%), and 4 (76% to 100%); and (b) intensity of staining: 0=absent; 1=weak; 2=intermediate and 3=strong. These two scores were multiplied and the IRS (range from 0 to 12) was obtained. The average IRS for each case by the two pathologists was assigned as the staining result. If the IRS difference between the two pathologists\' results was greater than 3, the specimens were rescored. All 216 NSCLC patients were divided into two groups according to the median IRS scores and the IRS higher than 8 was considered as high expression.

Statistical Analysis
--------------------

The statistical analysis was performed by the SPSS 17.0 software statistical software package. The correlation between FADS1 expression and clinicopathologic variables was evaluated using Pearson\'s χ^2^ test. Disease free survival (DFS) and overall survival (OS) curves were performed by the Kaplan-Meier survival plot and compared by the log-rank test. A Cox proportional hazard regression was used for univariate and multivariate survival analysis. A two-sided P\< 0.05 was considered statistically significant.

Results
=======

Patients\' characteristics
--------------------------

One-hundred and fifty-five males and sixty-one females, aged from 30 to 79 years (median 59.0 years), were included in the study. The clinicopathological characteristics of the 216 patients were listed in Table [1](#T1){ref-type="table"}.

Expression of FADS1 in NSCLC
----------------------------

Immunostaining of FADS1 in NSCLC tissues were shown as brown yellow granules in cytoplasm (Fig [1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"} and 3). The expression of FADS1 was divided into two subgroups: low FADS1 expression and high FADS1 expression as defined in the section of Materials and Methods. High expression of FADS1 was detected in 32.9% (71 of 216) NSCLC tissues, whereas low expression of FADS1 was account for 67.1% (145 of 216) of the cases.

The correlations between FADS1 expression and NSCLC clinical characters
-----------------------------------------------------------------------

The associations between clinicopathologic features and FADS1 expression are summarized in Table [1](#T1){ref-type="table"}. FADS1 expression correlated closely with tumor size (P=0.023) and histological grade (P\<0.0001). However, no statistical associations were observed between FADS1 expression and age, gender, tumor category, tumor status, nodal status and TNM classification (P=0.161, 0.111, 0.132, 0.053, 0.346 and 0.083 respectively).

FADS1 expression and survival analysis
--------------------------------------

The association between FADS1 expression and OS in 216 NSCLC cases was analyzed by Kaplan-Meier methods. No patient was reported as lost to follow-up. 112 patients were deceased while 104 were alive at the end. The median observation time was 70.0 months (0-126 months). The estimated 5-year DFS and OS rates for the entire cohort were 44.0% and 53.7%, with median survival from diagnosis of 43.1 and 70.0 months, respectively.

High FADS1 expression was associated with better prognosis in patients. Specifically, the mean OS for high FADS1 group is 93.4 months, whereas that for low FADS1 group is 68.1 months. (P=0.001, Fig. [4](#F4){ref-type="fig"}, Table [2](#T2){ref-type="table"}). A parallel result was obtained for DFS (mean of 87.2 months versus 61.0 months, P =0.002, Fig. [4](#F4){ref-type="fig"}, Table [2](#T2){ref-type="table"}). In the subgroup analysis, FADS1 expression could stratify the DFS/OS for T status, N status and histologic grade (table [2](#T2){ref-type="table"}).

Univariate Cox\'s proportional hazard model showed the following factors correlated significantly with OS: histological grade, TNM Staging, nodal status and FADS1 expression (Table [3](#T3){ref-type="table"}). When the above parameters were included in multivariate analysis, the model indicated tumor size, nodal status and FADS1 expression were independent factors that affected OS (Table [3](#T3){ref-type="table"}). We also did the survival analysis based on DFS data. Univariate analysis showed that tumor size, histological grade, TNM Staging, nodal status and FADS1 expression correlated significantly with DFS (Table [4](#T4){ref-type="table"}). Subsequent multivariate analysis showed that only nodal status and FADS1 expression were independent factors that affected DFS (Table [4](#T4){ref-type="table"}).

Discussion
==========

FADS1 was successfully cloned in 1999 for the first time and its biological role is to delta-5 desaturate (D5D) linoleic acid or α-linolenic acid, forming LC-PUFA) [@B12]. LC-PUFAs are main precursors for eicosanoids and docosanoids synthesis and hence can greatly affect inflammatory processes [@B13]. FADS1 cluster showed strong association with the n-6 and n-3 fatty acids in an analysis of single nucleotide polymorphisms (SNPs) of the FADS1 gene cluster in 727 participants from Erfurt Center [@B14]. Subsequently, series of studies are focused on the role of FADS1 polymorphism in fatty acid metabolism and a variety of diseases, such as cardiovascular disease and essential fatty acids metabolism in women during pregnancy and during lactation [@B15]-[@B17]. However, the role of FADS1 in cancer development and prognosis are scarcely reported.

In this study, we, for the first time, reported that FADS1 might play a role in cancer development and prognosis. Our data supported that reduced expression of FADS1 was associated with larger size of tumors and poorer differentiation, indicating that it\'s reduced expression might provide some developing advantages for NSCLC. Based on existing documents about FADS1, we hypothesize some possible mechanisms by which FADS1 exerts its effects. First of all, it is very likely that FADS1 affects NSCLC tumorigenesis through inflammation since newly identified catalytic products E-series resolvins and D-series resolvins of FADS1 are strong anti-inflammatory molecules [@B18], [@B19]. To the best of our knowledge, tumorigenesis is a complex process in which chronic inflammation could facilitate it as a common promotor, which has been proved by previous studies [@B20], [@B21]. So, it\'s plausible that FADS1\'s anti-inflammatory products possess anti-cancer effects.

In addition, it has been broadcasted that FADS1\'s polymorphism act as an important factor contributing to the variability in PUFA levels in serum phospholipids and erythrocyte membranes [@B22]. Lipoproteins are essential receptors or transmitters of different normal and pathological physiological events, such as cell apoptosis, autophagy, growth and cell cycle [@B23], [@B24]. To some extent, tumor is defined as a disease of unregulated metabolism. The famous Warburg Effect theory is still of great interest to scientists after four decades [@B25]. We hypothesize that FADS1 might affect tumorigenesis of NSCLC through lipid metabolism. However, the rationale behind it is still elusive.

Most importantly, the cumulative 5-year OS and DFS rates of patients with high FADS1 expression were higher than those with low FADS1 expression (i.e., patients with high FADS1 expression have a better prognosis than those with low or absent FADS1 expression). Kaplan-Meier analysis and Cox multivariate analysis revealed that FADS1 expression is an independent prognostic factor for NSCLC. These results collectively indicate that FADS1 has the potential to be useful biomarker of NSCLC early diagnosis and prognosis prediction. Clinical data demonstrated that early detection could significantly improve NSCLC survival [@B26]. Great advances have been made for early detection of lung cancer via the development of computer tomography (CT) screening of nonsymptomatic individuals [@B27]. However, because of the relatively low specificity of CT screening and expensive costs, there is still an urgent need for better diagnosis system of NSCLC patients with precision and economic efficiency. Thus, various studies of biomarkers for NSCLC, such as carcinoembryonic antigen, squamous cell carcinoma antigen, cytokeratin-19 fragment, and neuron-specific enolase, have been identified and exhibit unprecedented potential [@B28], [@B29]. Based on our data, we sincerely hope that FADS1, in the future, could benefit the establishment of a more accurate and comprehensive diagnosis and treatment network, leading to improved clinical outcomes.

In conclusion, our study showed that the reduced expression level of FADS1 is correlated to the larger tumor size and the poorer tumor differentiation. Moreover, FADS1 expression is an independent prognostic factor for NSCLC and lower expression of FADS1 predict worse prognosis of NSCLC. However, the detailed mechanism by which FADS1 regulates tumorigenesis requires further studies.

![FADS1 expression in squamous carcinoma phenotype of NSCLC detected by IHC. (A, B) no or very low expression of FADS1 protein in the cytoplasm of squamous carcinoma cells (magnification: A, ×40; B, ×200). (C, D) low expression level of FADS1 protein in squamous carcinoma cells (magnification: C, ×40; D, ×200). (E, F) high expression levels of FADS1 detected in squamous carcinoma cells (magnification: E, ×40; F, ×200).](jcav07p1226g001){#F1}

![FADS1 expression in adenocarcinoma phenotype of NSCLC detected by IHC. (A, B) no or very low expression of FADS1 protein in the cytoplasm of adenocarcinoma cells (magnification: A, ×40; B, ×200). (C, D) low expression level of FADS1 protein in adenocarcinoma cells (magnification: C, ×40; D, ×200). (E, F) high expression levels of FADS1 detected in adenocarcinoma cells (magnification: E, ×40; F, ×200).](jcav07p1226g002){#F2}

![FADS1 expression in normal bronchial mucosa detected by IHC. (A, B) High expression of FADS1 protein in normal bronchial mucosa (magnification: A, ×40; B, ×200).](jcav07p1226g003){#F3}

![Overall Survival and Disease Free Survival curves of 216 NSCLC patients according to their FADS1 expression status. (A) OS curves: two groups of NSCLC patients with different levels of FADS1 expression. (B) DFS curves: two groups of NSCLC patients with different levels of FADS1 expression.](jcav07p1226g004){#F4}

###### 

Correlation between FADS1 expression and clinicopathological variables of NSCLC cases.

  Variables                        Cases (n=216)   FADS1 expression   P value    
  -------------------------------- --------------- ------------------ ---------- ------------
  Age (years)                                                                    0.161
  \<60                             110             69(31.9)           41(19.0)   
  ≥60                              106             76(35.2)           30(13.9)   
  Gender                                                                         0.111
  Male                             155             109(50.5)          46(21.3)   
  Female                           61              36(16.7)           25(11.6)   
  Tumor size(cm)                                                                 0.023\*
  ≤3.5                             110             66(30.6)           44(20.4)   
  \>3.5                            106             79(36.6)           27(12.5)   
  Tumor category                                                                 0.132
  Adenocarcinoma(AC)               121             74(34.3)           47(21.8)   
  Squamous cancer(SC)              78              60(27.8)           18(8.3)    
  Adenosquamous carcinoma(A-SC)    15              10(4.6)            5(2.3)     
  Large cell carcinoma(LCC)        2               1(0.5)             1(0.5)     
  Histological grade                                                             \<0.0001\*
  Well differentiated (G1)         31              16(7.4)            15(6.9)    
  Moderately differentiated (G2)   88              50(23.1)           38(17.6)   
  Poorly differentiated (G3)       97              79(36.6)           18(8.3)    
  Tumor status (T)                                                               0.053
  T1                               41              23(10.6)           18(8.3)    
  T2                               147             98(45.4)           49(22.7)   
  T3                               20              16(7.4)            4(1.9)     
  T4                               8               8(3.7)             0(0)       
  Nodal status (N)                                                               0.346
  N0                               121             78(36.1)           43(19.9)   
  N\>0                             95              67(31.0)           28(13.0)   
  TNM Staging                                                                    0.083
  I                                94              56(25.9)           38(17.6)   
  II                               58              44(20.4)           14(6.5)    
  III                              63              45(20.8)           18(8.3)    

###### 

FADS1 expression in NSCLC patients by Kaplan-Meier survival analysis (log-rank test).

  Variable           Case   DFS (months)   OS (months)                           
  ------------------ ------ -------------- ------------- ------- ------- ------- -------
  Total                                                                          
  Low expression     145    61.0           42.8          0.002   68.1    55.4    0.001
  High expression    71     87.2           NR                    93.4    NR      
  T categories                                                                   
  T1-2                                                                           
  Low expression     121    64.0           43.1          0.017   72.0    65.1    0.010
  High expression    67     84.7           NR                    91.4    NR      
  T3-4                                                                           
  Low expression     24     60.5           27.0          0.011   65.1    38.0    0.010
  High expression    4      75.6           NR                    82.3    NR      
  N categories                                                                   
  N=0                                                                            
  Low expression     78     80.7           NR            0.008   85.8    NR      0.007
  High expression    43     107.9          NR                    110.4   NR      
  N=1/2/3                                                                        
  Low expression     67     36.7           20.0          0.195   46.6    29.0    0.059
  High expression    28     56.1           21.9                  65.9    52.9    
  Histologic grade                                                               
  G1                                                                             
  Low expression     16     73.3           101.5         0.217   75.1    101.5   0.219
  High expression    15     98.8           NR                    101.3   NR      
  G2-3                                                                           
  Low expression     129    59.2           31.7          0.009   67.0    51.6    0.003
  High expression    56     83.3           NR                    90.7    NR      

NSCLC: non-small cell lung cancer; DFS: disease free survival; OS: overall survival; NR: not reached.

###### 

Univariate and multivariate analyses of overall survival of NSCLC patients.

  Variables                        Univariate analyses   Multivariate analyses                                     
  -------------------------------- --------------------- ----------------------- ----------- ------- ------------- ---------
  Age (years),(\<60 vs. ≥60)       1.069                 0.739-1.546             0.723                             
  Gender (male vs. female)         1.040                 0.691-1.566             0.852                             
  Tumor size(cm)(≤3.5 vs.\>3.5)    1.678                 1.157-2.436             0.006\*     1.620   1.006-2.461   0.024\*
  Tumor category(AC/SC/A-SC/LCC)   1.031                 0.781-1.362             0.829                             
  Histological grade, (G3/G2/G1)   1.393                 1.055-1.839             0.02\*      0.995   0.695-1.312   0.776
  TNM Staging (I/II/III)           1.934                 1.553-2.409             \<0.001\*   1.087   0.724-1.631   0.687
  Nodal status (N\>0/N0)           3.363                 2.283-4.954             \<0.001\*   2.917   1.466-5.802   0.002\*
  FADS1 expression, (High/Low)     0.473                 0.303-0.739             0.001\*     0.489   0.307-0.779   0.003\*

###### 

Univariate and multivariate analyses of disease free survival of NSCLC patients.

  Variables                        Univariate analyses   Multivariate analyses                                     
  -------------------------------- --------------------- ----------------------- ----------- ------- ------------- ---------
  Age (years),(\<60 vs. ≥60)       0.988                 0.683-1.428             0.947                             
  Gender (male vs. female)         1.084                 0.720-1.633             0.698                             
  Tumor size(cm)(≤3.5 vs.\>3.5)    1.625                 1.120-2.358             0.011\*     1.436   0.952-2.168   0.085
  Tumor category(AC/SC/A-SC/LCC)   1.033                 0.783-1.363             0.819                             
  Histological grade, (G3/G2/G1)   1.400                 1.065-1.841             0.016\*     0.992   0.727-1.353   0.959
  TNM Staging (I/II/III)           1.964                 1.576-2.449             \<0.001\*   1.132   0.752-1.704   0.551
  Nodal status (N\>0/N0)           3.429                 2.324-5.060             \<0.001\*   2.722   1.360-5.447   0.005\*
  FADS1 expression, (High/Low)     0.498                 0.319-0.778             0.002\*     0.547   0.343-0.872   0.011\*

NSCLC: non-small cell lung cancer; \* p \< 0.05, statistically significant.
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